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1.0 BACKGROUND. Administration of 250 ug of Bordetells pertussis vaccine (BPV) to
mice intraperitoneslly (i.p.) renders the snimals resistent to a lethal dose challenge
of mouse sdenovirus. (NAdipt4) 7 days after trestment (1), A sismiler activity had been
raported vith type 1 herpes simplex vas used as the challenging virus (2). These
observations provided the background for the objectives of identifying the wmolecule or
complex of moleculesa in B. pertuasis that induced resistance to & NAdipt4 challenge ,
and characterizing their mechsnism of sction. Investigation of this molecule or
complex of molecules vwill lead to s better understanding of issunowodulation and
nonspecific resistance sechanisas. . . . '

1.1 FIRST CONTRACT YEAR (3). Ve established that the antiviral sctivity of BPV vas
not associated vith & given phase or strain of B. pertussis, but vas sssocisted vith
many strains, including phsse I and phsse IV strains. . Acellular fractions of B,
pertussig demonstrated antivirsl asctivity. Acellular fractions included a 1.0 X NaCl
.extract of vhole cells (produced by Dr. R. D. Lemwon, Connaught Lsborstories, Inc.,
Sviftvater, PA), a cell surface polysaccharide removed from vhole cells by shearing in
a Yaring blender, snd lipopolysesccharide (LPS) extracted by the phencl-vater method of
Weatphal. All of these fracticns contained endotoxin as detected by the Lisulus

amoebocyte assay. ’

B
+

1.2 SECOND CONTRACT YEAR (4). Ve established that an scelluler fraction of B.
pertussie (Boivin entigen extracted in 2.5 X trichloroscetic scid fros vhole cells)
induced resistance to wouse sdenovirus infection. Doses in'the range of 20 ug
(approximately 0.9 wg/kg) induced resistance, vheress doses in the range of 2.0 ug
{approximstely .09 wg/kg) induced resistance vhen adsorbed to alum, '
Lipopolyseccharide extrected fros boivin antiygen by phenol-vater precipitation of the
proteins induced resistance also. Similar concentrations of .gliding becteris adjuvant
_(provided by Dr. Villism R. Usinger) did not induce resistance. Boivin antigen
consisted of 5-7 wejor proteins (detected by SDS-polyecrylaside gel electrophoresis
and PAGE blue 83 staining ) end lipopolyssccharide (detected by 5DS-polyacrylaside
jel electrophoresis and silver staining). Boivin sntigen vill be demignated hereafter
as EP-LPS, i.e., co-extracted endotoxin-associated proteins and lipopolynncchiride.
Two disensionsl polyacrylsmide gel electrophoresis indiceted that several of the
proteine of EP-LPS vere not closely associsted vith the LPS. Hovever, Vestern blot of
the tvo dimensionsl gels revealed several sinor proteéing that vere ismuncdosinant
antigens and that appeared to he associated vith at lesast & portion of the LPS

{raction.
2.0 THIRD CONTRACT YEAR.

.1 CONTINUED VIRUS PROTECTION STUDIES OF FP AND LPS DERIVED FROM EF-LPS BY THE
YENCL-WATER NETHOD. Dr. Barnet Sultzer, Dowvnstate Medicsl Center, SUNY, separated
TP -LPS into EP and LP§ using pﬁenol—vutpr.vr-cipxtutloﬁ.o! the proteins (4)., COver a
uariod of tise the LPS preparation sppeared to lose potency. "'Our i{nital experiments
dranngtrated sctivity repeatebly at a dbnnnqo of 20 ug; hovever, subsequent
svherinents demonstrated sctivity only at hijer dossge, i.e., 80 - 160 ug (Table

-
“
»

2.1.1). The LPS ves stored at 4°C and the chesical charscteristice of the
mreparation, such as sicelle mize, way “ave changed or the solecule say have suffered
31 achemiral degrsdation. A pnsathle role of £EP vay be the stabilization of the LPS

nilsty {n an active —onfigurstion osver a lung period of etorage. Reconstituticn of
“oe gepaiated sndotoxin-sasocisted protetins and LPS fsiled to return activity (Table

! 2.
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Finally, s protective activity of the Alhydrogel vas noted in several experiments. At
spproximately the same time Dr. P, S. Norahan, Medical College of Pennsylvania, also
noted protective activity using the same lot of Alhydrogel in s herpes simplex virus
infection model (personal communication). W¥e could not detect bacterial or endotoxin
contamination in this lot of Alhyrogel. Due to the intermitent protective sctivity of
Alhydrogel and commurication vilh Dr. R. Bomford, Wellcome Research Laboratories,
England, concerning immunowmodulaticn by slum (5), ve have discontinued the use of this
component in our experimental protocols. in an attespt to find an EP-LPS
potentiating agent to replace alum ve tested a combination of block copolymers
{copolymers of blocke of hydrophobic pclyoxypropylene and hydrophilic polyoxyethylene)
that has adjuvant and inflammetory sctivity (6). Block copolymers L121 and T150R1 and
EP-LPS in combination demonstrated antiviral activity; hovever, much to our suprise
the combinstion of block copolymers L12) and T1SOR1 demonstrated antiviral activity
also (Table 2.1.3). Subjectively, the group of mice trested vith block polymers slone
. exhibited wore signs of disease, i.e., rough fur, hunched back, and huddling, but

health returned. Future studies of EP-LPS immunomodulation vill include comparison of .
block polymer antiviral activity. ' .

.....................................................................................

L e R R e Y e L L L L L L e L b L Lt b bl L el bl e ki

Mortality®

Trestwent® (deaths/totsl)
Experiment 1°f:
EP-LPS, 40 ug/ml ' 9/10 "7.;5 :
EP-LPS, 4.0 ug/ml : 11711 (; )
EP-LPS, 0.4 ug/ml 10710 {:'
Alhydrogel ) 10710 Y

. i
Experimert 2: .
EP-LPS, 40 ug/sl o 9/9 b
EP-LPS, 4.0 ug/al 10/10
Alhydrogel 9/10
Experiment 3:
EP-LPS, 160 ug/wl ) 4/10 :
EP-LPS, 80 ug/ml : 1/10 v o[
EP-LPS, 40 ug/s} 6/10 :
Alhydrogel . - 6/:0

- % EP-LPS was sumpended in alum at = concentration of 1.0 msg/wl and the demignated dose
in 0.5 ml of endotoxin-free vater vas injected i.p. into C3H/HeN mice 7 days prior
to challenge with MAdIpt4 (3.2 LDye, Exp. 1 and 2; 3.1 LDae Exp. )

* Jeaths vere recorded daily. All mice died vithin 3 to 11 days after infection.

¢ leported previocuasly (4), ' '

........................................................................................
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' . Nortality*
Treatment* . {deatha/totasl)
1€ ug EP + 16 ug LPS + Alhydrogel 10710
8 ug EP ¢« 8 ug LPS + Alhydrogel 9/10
4 uyg EP ¢ 4 ug LPS + Alhydrogel . 10710
2 ug EP + 2 ug LPS ¢ Alhydrogel 10710

EP (endotoxin-sssociated protein and LPS vere each suspended in slum at a
concentration of (1.0 sg/ml, incubated at 25°C for 30 win, diluted in endotoxin-free
vater, and the deésignated dese in 0.5 wi vas injected i.p. into C3H/HeN wice 7 cays
prior to challenge wvith XAdipt4 (3.2 LDy, Exp. 1 and 2; 3.1 LDy, Exp. 3}

Deaths vere recorded daily. All wice died vithin 3 to 11 days after infection.

e - e W AE T e A e Y W e W e W e e A e e e e e e G R N e R D am  An W e e e G A W S N S N M W e N e W =

Table 2.1.3. Potentiation of EP-LPS Antiviral Activity by Block Copolymers L121 and

T150R1

) . _ Mortalicy®
Treatment® ' (Deatha/Total)
None 9/10
10 ug EP-LPS ) ' 10/10
10 ug EP-LPS + % ul Drakeol - '
1.25 m»g L121 1.2P ng T150R1 - : 0/10
S ul Drakeocl + 1.25 wg L121 » ,
1.25 mg T150R1 » . 0/10

EP-LPS slone vas resuspended in endotoxin-free PBS containing 0.2X Tveen . 0. EP-LPS
vas combined vith drakeol, L12!, and T150Ri. The materials were mixed thoroughiy
using a Kontes disposable micropestle and mortar. A uniform emulsion vaa formed by
adding endotoxin-free PBS containing 0.2% Twveen 80 and wixing in the wicrowortar.
The emulmion (50 ul) wes injected immedistely i.p. into C3H/HeN wmice 7 days prior to
challenge with MAdipt4 (5.7 LDss). An ewulsion of the block polywers alone vas

-formed in the asme wmanner.

Deaths were recorded daily. All wmice died vithin 3 to 12 days after infection,

e e e e e e e e e e e A e e e e e e e G e e W e R e e e e A e S e e e M e e e e
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2.2 ADDITIONAL BIOCHEMICAL CHARACTERIZATION OF EP-LPS. An attempt vas made to
separste EP-LPS into a protein and lipopolysaccharide fractions under nondenaturing
conditions using gel filtration. Ultrogel AcA 34 separates proteins in the range of
20,000 - 300,000 molecular weight. Under nondensturing conditions major peaks of
protein vere associated with LPS (Figure 1). These data support our previous findings
using tvo dimensional gel electrophoresis and Vestern blot (4). Pools of fractions
21-34, 35-4, 48-100 vere lyophilized. Recovery of material from the column vas poor
and vas insufficient to test in the MAdipt4 infection model. Ve will proceed to
‘separate all detectable protein from LPS in the EP-LPS complex by isoelectric
focusing. Dr. David Morrison, University of Kansas Nedical Center, Kansas City, KS
has agreed to separate the EP and LPS in preparative quantities on his nevly developed
isocelectric focusing appsratus. The separated fractions vill be stored in a .
lyophilized state until immediately before testing. Testing of the highly purified
fractions vill ansver definitively vhether all of the antiviral activity resides in
the LPS moiety of EP-LPS. In addition, Dr. B. Sultzer, Dovnstate Nedical Center
SUNY, has developed a technique for separating tvo species of LPS derived from B.
pertussis and has reported differing immunomodulatory activities for each species
(personal communication). We have acetone-dried approximsately 200 g of B. pertussis
cells and Dr. Sultzer is currently extracting the two species of LPS. We vill test
the antiviral sctivity of esch LPS species vhen it becomes availsble.

- - - > T T S W e D A A e T S R S T G R D L 4R R WY W R P e R e P A P W L S e R

Figure 1. Protein and Endotoxin Profile of EP-LPS Chromatographed on an Ultrogel
AcA 34 Coluan. :
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FRACTION NUMBER

EP-LPS (1.0 »g) vas applied to an Ultrogel AcA 34 column (1.0
ca x 350 cm) in endotoxin-free, azide-free PBS, pH 7.2,
Fractions {approximately 10 wml) vere collected and assayed for
the progence of LPS (Lisulus amoebocyte assay, (7)]1 and
protein {{luosrescamine assay, (8)].

m o m  m = e s s e e ke e i e e e e e . e e e e R N e e e e e e e e e S e M W e e W e e e e o de W N e um e
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2.3 DEVELOPHENT OF RESISTANCE TO VIRUS INFECTION AFTER EP-LPS TREATMENT. The
protective effect of BPV appears five days after trestment and susceptibility returned
to a portion of the test population efter 33 days (10). The protective effect of
EP-LPS appeared tvo to three days after treatment (Table 2.3.1). EP-LPS say not
require the extent of processing that vhole cell BPV would require to release the
active antiviral substance and consequently the extracted msterial can immunomodulate’
the animal in a shorter time period. In addition, the EP-LPS induced antiviral state

®ay decay more rapidly than BPV induced resistance.

- e D e S G e e S A e S D R R P S YD R R G T R G R R e S e D R R e

e e e S e S e S N P e B R e W e P D YR S G e L W A P D A R T AL D S W A G B A G 4 L M S A D O G e

o . Nortality?®
Treltlgnt' (deaths/totel) -
Experiment 1:

Day 0 5/5

Day -3 . 1710

Day -5 ‘ . 4/10

Day -7 . ' 2/% ) v
Day -10 : . /5
Endotoxin-free VPBS ' S/8

Experiment 2:

. Day 0O » S8/5
Day '-1 8s9
Day -2 . ‘ | 4/10

s EP-LPS vas suspended in endotoxin-free PBS at a concentration of 1.0 wg/wl and 50 ug
in 0.5 wl vas injected i.p. into C3H/HeN wice on the dey indicated prior to

challenge vith NAdipt4 (5.7 LDss). ,
' Deaths vere recorded daily. All mice died vithin 3 to 1! days after infection.

T e e s b e e . e e S e A R S e e W P i S e R e U R e N L e A M R G S e AR S S e e o e o W e e W b e

2.4 COMPARISON OF THE ANTIVIRAL ACTIVITY OF Bordetellas pertussis AND Eacherichia coli.’
Previous studies comparing LPS derived frow E. coli ancd B, pertussis demonstratrd that
B. pertussis derived LPS vas unique in its ability to induce sn antivirsl state
(3,11). Boivin antigen prepared from E. coli (EP-LPS/EC) did not induce resistance to
a mouse adenovirus challenge; hovever, a vhola cell vaccine induced resiatance (Table
2.4.1). Theme data suggest that components of the vhole bacterial cell other than the

LPS moiety can induce resistance to a mouse adenovirus challenge.

2.5 BPY TREATMENRT AND PERITONEAL CIRCULATION. One possible mechaniss nf reaistance to
virus challenge folloving BPY treatment i~ the Dlockage of peritoneal-blood
circulation by an inflammatory response. Our previous studies indicated that MAdlpt4
sppeared in the circulating blood 5.0 min after {.p. injection (3). BPV-treatment did
not impair the circuletion of '**I-labeled proteins from the peritcneum to the
circulating blood (Tsble 2.5.1). The percentage of label sppearing in the circulating
blood after i{.p. inoculation correlated vell vith the percentage of virus uppenring in
the rircull‘tng b‘ood after 1i.p. inoculation as observed previcusly.
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Nortality®

Treatment® ' ' : (desths/total)
Experiment 1:

E. coli 201 boivin antigen, 50 ug * S/3

B. pertumsis boivin antigen, 50 ug 3/%
Endotoxin-;ree vater -7
Experiment 2:

E. coli 201 vaccine, 250 ug . - 0/10

E. coli 410 vaccine, 250 ug: 0/10
Seline-merthiclate diluent 7/10

* The designeted dose in 0.3 ml of endotoxin-free vater (Experiment. }) or
saline-merthioclate diluent (Experiment 2) vas injected i.p. into C3H/HeN nice 7 days
prior to challenge vith MAdipt4 (Exp. 1, 7.4 LDye; Exp. 2, 4.2 LDss)

¢ Deaths vere recorded daily. All mice died vithin 3 to 11 days after 1n1ection.

. - - - - W S D W P W A G M e e OB 4 e L D W W G WP R D D D G G R A SS R R WS T GR E  AL ar e  E  w e

- " - W n W e W e e R S e e G A T R G G R W W P L A SR Y T e G R R e R S S G e e

Table 2.5.1. Migration of Mouse Serus Proteins fro- the Peritoneum to the Circulating
Blood After BPV Treatwment.

.-_------------..-.‘_--------_-‘---_------------_----------------—-----—------—----_-—n.

Radicactivity in the Cirbuluting Blood?

reatment® Mouse 30 min 90 wmin 300_wmin —

None A 31,665 134, 514 123,621
B 5,470 41,6'9 74, 493

c 26, 535 101,933 97,736
average 21,223 92,687 98,617
BPY D 31,035 57, 244 28,518
E 21,699 . 42,136 62, 224
F 20,915 356,767 - 81,921
' average 24, 550 52, 049 57, 554
15}, | I £ 12, 840 28.515 46, 601
H 27,139 46,875 72,822
I 9,336 ' 28,965 81,180
average 16, 525 34, 786 66, 868

* Dialyzed normal wmouse seruam prota2ins vere labeled vith '2'I using chloramine-T.
Unincorporated label vas removed by passage of the label proteins over s G-25
Sephadex column., MNice vere inoculated i.p. vith 1.2 x 310’ cpm in 0.5 wl.

* Samplem (50 ul) vere removed by retroorbital bleeding st the times designated and
the radioactivity vas determined in a gamma counter,

- e e e e A TR e e e 9 S e e e e e L L S B D A R e e e e e W S R R R G A W 4R %6 R M R G N S L e m P A e e e
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2.6 INMUNOMODULATION OF CELLULAR ACTIVITIES FOLLOWING TREATNENT WITH EP-LPS. ‘The
vhite blood cells in both the peritoneum and circulating blood vere examined after
treatment vith BPV and EP-LPS to obtain an initisl characterization of the cellular
changes that occur seven days after immunomodulstion, i.e., the state of white blood
cells at the time 0f virus challenge, EP-LPS treatment induced a decreased level of
leukocytosis and elicited fewer vhite blood cells in the peritoneus, as compared to
BPV (Table 2.6.1). Differential counts of the the blood indicated that BPY and EP-LPS
‘induced increased numbers of different cell populations. The notable changes in
absolute counts induced by BPV in the periphersl blood vas an increase in the numbers
of neutrophils, transforwed lymrhocytes, and monocytes, vhereas the notable changes
induce by EP-LPS was an increasc in the nusber of lysphocytes (Table 2.6.2). A
similar picture of cell populstion changes vas ootained in the peritoneum (Table
2.6.3). In addition, EP-LPS treatment appeared to deplete the monocyte/wacrophage
population in the peritoneus. Thus, the difference betveen BPY and EP-LPS

immunomodulation vas both guant itative and qualitative.

Activities of those cells clussified as lymphocytes by the Wright-Giemsa stain vere
examined. The spleen vas used as the source of cells. EP-LPS treatment did not
indu<e a notable increase in the number of antibody-forming cells (IgM) in the apleen
seven days after treatment (Table 2.6.4). EP-LPS trestwent did not induce s notable
increase in the number of cytolytic T-celis in the spleen seven days after treatment
(Table 2.6.5). EP-LPS treatment induced a slight incresse of nstural killer cell
sctivity in the aspleen seven days after treatment, vhereas LPS derived from E. coli
docreased natural killer cell activity in the spleen (Table 2.6.6) and doea not induce
antiviral sctivity (11). Addition«l assay of natural killer cell activity in the
spleen confirmed only marginal increases folloving seven days of EP-LPS trestment
(Table 2.6.7). Natural killer cell activity appearred to be induced eariier thzn
seven days had decayed to nearly normal levels by this time (Table 2.6.8). Aseay of
natural killer sctivity present in the peritonesl cavity four cays after treatment
vith EP-LPS did not reveal increased activity (data not shovn). Bukovski and
covorkers reported that treatment of mice with anti-ssialo GHl rabbit serus .decreased
the LDys of mouse cytomegalovirus (12), Using the same conditions, BPV induced
repistance vas not sbrogated by anti-asialo GM1 serum treatment (results not shovn).

Activities and regulation of those cells classified as =macrophages by the
¥right-Giemsa stain vere examined. The system chosen for study vas the activiation of
bone marrov derived macrophages. Bone marrov derived macrophages can be activated by
treatsent vith E. coli derived LPS (LPS/EC) and gawma interferon to become cytolytic.
Dr. Paul A. LeBlanc has dewonstrated that activated bone marrov. derived macrophages
can effect cytolysis of virus (vesicular stomatitis virus) infected cells. LPS/EC
induces bore marrov derived macrophages to synthesize interferon almo. The ability of
EP-LPS to induce interferon production by bone-warrov derived macrophajes vas
examined. Bone-marrov derived sacrophages responded to EP-LPS treatment in s manner
sisilar to LPS/EC (Table 2.6.9). Hovever, the bone-wariov derived macrcphages did not
reapond to aimilar concentrations of EP-LPS/EC. As wentioned previously, EP-LPS/EC
did not induce resistance to a MAdlpt4 challenge (Table 2.3.1:!; novever, the
preparation retained full activity in the Limuiue amoebocyte assay. EP-LPS vas not as
effective as LPS/EC in activating the cytolytic activity of wmacrophages via the gamma
interferon pathvay (Table 2.6.10) and EP-LPS did not sctivate the cytolytic activity

" of macrophages directly. Incubation of EP-/.PS vith macrophages resulted in culture
supernstants that activated the cytolytic activity of macrophages by a pathvay
different from LPS/EC activation (Tabls 2.6.11). Subsequent experiments guggest “hat
the EP-LPS is activating the cytolytic activity of macrophages directly, i.e., the
sre-incubation with macrophages is not necesasary.
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Table 2.6.1 Leukocytosis after Treatment vith BPV and EP-LPS.

----------------------------------------------------------- LR B R A L LY TRy

Treatwent®
White Blocd Cell Count® Diluent BPY EP-LPS .
Blood (x 10* cells/ml) - 9.7 2 1.3 27.5 £ 3.8 17.2 + 1.6
Peritoneal Lavage (cells/al) 2,427 2 104 2,971 & 238 2,703 2 472

¢ The total number of vhite blood cells vere'enu-efnted using a Coulter Counter, MNodel

A: )

% BPV (250 ug dry veight) vas suspended saline-thimerosal diluent. EP-LPS (20 ug) vas
suspended in endotoxin-free vater. Treatment vas initiated by i.p. injection of the
designated amount of materisl in 0.5 ml. and the appropriate samples vere obtained
seven days after treatment. .

-------------------------------------------------------------------------------------

TABLE 2.6.2. White Blood Cells in Periphersl Blood after Treatment with BPV and
EP-LPS. 4 '

-------------------------------------------------------------------------------------

' Treatment® :

. Diluent ' BPY EP-LPS

Cell Type* (cells/ul) (cellm/ul) (cells/ul)
Band Neutrophil 214 + 71 754 =« 289 356 =+ 254
Segmented Neutrophil 3,608 & 972 16,598 ¢ 2,454 ‘ 4,482 + 1,588
Eosinophil 290 = 25 443 + 248 466 ¢ 506
Lymphocyte 4,846 =« 129 - 6,502 ¢ 581 10,494 + 1,668
Transforcved Lymphocyte 159 + 64 1,133 + 595 436 + 104
Monocyte 660 = 210 2,827 . 336 1,244 + 173

ol Cella vere stained wvith Wright- Gielaa stain and differential counts vere made using
the criteria of cell identification as described-by Diggs, Wintrobe, and covorkers
(13, 14).

BPY (250 ug dry veight) vas suspended saline-thiwerosal diluent. EP-LPS (20 ug) vas
_suspended in endotoxin-free vater. Treatment vas initiated by i.p. injection of the
designated amount of materisl in 2.5 ml and the appropriate samples vere obtained
seven days after treatment. i ‘

e L T L R R R
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Table 2.6.3. White Bloo* Cells in Peritoneal Lavage after Treatment vith BPY and
EP-LPS.

‘ _ Treatasent®
‘ Diluent BPV EP-LPS
Cell Type* (cellg/ul) (celim/ul) (cellm/ul) -
Band Nohtrophil 33 41 26 + 26 13
Segmented Neutrophil SS+ S 822 » 130 104 ¢ 36
Eosinophil 23t =+ 108 0 213 + 298
-~ Lymphocyte 685 = 1351 707 + 66 1,837 ¢ 178
Transformed Lymphocyte 49 + 22 66 » 1S _ 3B 6
Nonocyte 1296 ¢ 231 1,283 £ 209 494 ¢+ 69
Hacrophage 53+ 2 : 65+ 6 ., 20+ 8

& fCalls vere staired vith Wright-Giemsa stain snd differential counts vere mxde using
the criteria of cell identification us described by Diggs, Vintrobe, and covorkers
(13, 14).

* BPY (250 ug dry veight) vas suspended ssline-thimerosal diluent. EP-LPS (20 ug) vas:
suspended in endotoxin-free vater. Treatment vas initiatad by i.p. injection of the
designated amcunt of material in 0.5 wl and the appropriate sssples vere obtained

" maven days after treatment.

R L L L T A R R R .t L L DR T R T PR R TR e

R L L L L L L T Ty e T P P P T PR R R D L E R R g

Plaques/10* cells® Pleques/spleent

Duy 3 Pay 4 Day 3 Day 4
Treatwment® Nean Spleens ean Spleens Nean Mean
Experivent 1:
PBS 133 .2 714 3 10, 7C0 88, 000
FP-LPS 48 2 3590 ' 3 7,600 109, 600
Experiment 2:
PBS ‘ 317 4 62, 300
EP-LPS 53 4 : 16, 000

* EP-LPS (100 ug) vas suspended in endotoxin-free PB5. Treatwent vas initiated by
i.p. injection of the designated amount of material in 0.5 ml. After seven days the
aice vere injected i.p., wvith 0.2 ml cf a 10X (v/v) sheep red blood cell suspension.

* Mice vere sacrificed at the designated day safter aheep red blood cell injection,
spleens vere removed, and a direct Jerne plaque 13say vas performed with cell
sugpensions derived frow individual apleens using the slide modification of
Cunningham. The number of plaques vere detersined as the mean number of plaauea per
10* cells from four slides; two slides plated at 10° cells per slide and tvo slides
plated at 3 x 10*cells per slide. .

¢ Total number of nucleated cells per spleen vas determined by hemacytometer counts of
the apleen cell suspension.
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Table 2.6.5 Immunomodulation of T-Cell Cytolytic Activity by EP-LPS

cTasaeen--- P R LI L L e P Y I P TR L L T D e N N T % Y iy

Percent Specific Release®

o . . Effector:Target Cytotoxic Units*/Spleen’
Ireatwent® {(9:1) (80:1) : (x 10
PB3 . 29.8 ¢« 6.9 .86.0 ¢ 14.6 . 6.48 = 4.5
EP-LPS 26.6 £ 12.35 81.8 2

18.9 6.686 = 2.3

* EP-LPS (100 ug) vas suspended in endotoxin-free PBS. Treatsent vas initiated in
groups of three mice by i.p. injection of tha designsted amount of materisl in 0.5
ni. After seven days sll groups of mice vere injected i.p. vith 107 F815
nastocytoms cells.

% Nice vere sacrificed 12 dlyl sfter immunization vith P815 cells, spleens vere
removed, and the cells vere recovered from individual spleens. Cell nusber vas
deterained by he--cyto-eter counts. %'Cr-labelled P815 target cells vere incubated
for 1( h with varying concentrations of spleen cells to yield the designated '
effector to target ratios. Speciiic release as calculated wyith the Zolloving
formuls using the sean number of counts in the supernatsnts of triplicate coculture:

- experisental - spontaneous release

%X mpecific release = e L LT P P LR P x 100
' freeze/thavy - spontanecus release

* One cytotoxic unit represents the number of effector cells per target to yield 50X
specific release.

- - s e P WS TN S P S S R L G D A D D A W R O D W L G G M e S AR G P YB % ED WS D TR D R R A TP b S Ye W G U W W YR P W YD W e Wb TR e 9k @ Gm

Table 2.6.6. Comparison of the Nodulation of NK Activity by EP-LPS and
phenol-extrscted E. coli LPS.

...... o e - P N R T e S N W e S G R e e R e e e P W e

Percent Specific Release®

(Effector:anget) Cytotoxic Units®/Spleen
TreatmentA (12, 5 (100:1) ) {x 10%)
‘Hedium . 2.1 10.5 8.9
Medium 3.5 13.5 10.7
EP-LPS, 50 ug 4.6 15.3 18.1
EP~-LPS, 50 ug , 10.6 17.4 40.5
LPS (E. coli), 50 ug 1.5 8.3 7.3
LPS (E. coli), 50 ug 1.6 7.2 7.7

* EP-LPE and LPS (vater-phenol extracted from E. coli 0111:B4) vas suspendzd in
endotuxin-free medium, Treatwment vas initisted in groups of tvo mice by 1i.p
injection of the designated amount of saterial in 0.5 =xl.

* Mice vere macrificed seven days after treatwent, spleens ve.e rewoved, and the cells
vere recovered from individual spleens. Cell number vas determined by hemacytometer
counts. *!Cr-labelled YAC-1 target cells vere incubated for 16 h vith varying
zoncentrations of apleen cella to yield tne cesignated effector to target ratios.
Zoeciic release vam calculated as described in Table 2.6.5.

¢ One cytotoxic unit represente the nuaber of effector cells per target to vield 30X
1p2cific releaase, '

o o e T G M e S M T e e T M T S P e S e T e YR e £ PR A B e e e e = e R S SR e R R R G e L e -
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Table 2.6.7. Nodulation of Natural Killor Cell Activity by EP-LPS

LR R X N L P R R cowse aew L R et X TP YL LY T TR TR PP T coon-

Percent Spcclzic ‘Release®

TrestwentA _ (Ef!octorzT-rgot) Cytotoxic Units®/Spleen
Irestment® . __(50:1) (200:4) (x 10%)

Nedium ' 31.7 ¢+ 8.6 49.1 & 9.0 ' 7.9 + 4.4
EP-LP3, 100 ug 38.1 = 6.9 61.3 £ 5.5 . 10.9 ¢ 3.6

* EP-LPS vas suspended in endotoxin-free wmedium. Treatsent vas initiated in groups of
four sice by 1.p. injection nf the designated amwount of ssterisl in 0.5 al.

* Nice vere sacrificed seven days after trestmwnt, spleens vere removed, and the cells
vere recovered from individual spleens. Cell number vas determined by: hﬁrlcytonqtor
counts, *!Cr-labelled YAC-1 ts. g2t cells vere incubated for 16 h vith varying
concentretions of spleen cells to yield the designeted effector to target rstios.
Specific release vas calculated as described in Table 2.6.5.

t One cytotoxic unit represents the number of effector ‘cells per target to yieid 50!
specific release.

Ea R e e L T R R T Y R Y R T X L R R R Y e
- S TS W G e e e e N e e e e A 4P R D U R D e R e A B L S U R D S R W

L e R N L L L L O T T P T Y T L T T T o

Percent Specific Release*

- . (Effector:Target)
Treatment* ' o 412.5: ) - Q0g: 1)
0 (no treatwent) c.6 14.0
2 days ' 16.90 42.0
3 days : 11.0 7.5
6 days 6.0 14,0

Tvo mice per groug vere inoculated intraperitoneally vith 0.5 sl of endotoxin-free
PBS containing 50 ug of EP-LPS and sscrificed at the days indicated. Spleen cells
from each pair of mice vere pooled for the assay. All mice vere assaya2d at the sawme

time,

* %1Cr-labeled YAC-1 target cells vere incubsted 16 h with varying concentrations of
spleen cells to yield different effector to target cell raticr, E:T ratios of
12.5:1 and 100:1 are ghovn here. Cpecific release vas caiculsted as described in

1adle 2.6.5

- - - - @ T e R e e R R WS W S e e e e A e D D AV G e A Dk e A o A N R W L T AT D A W W G e Me e e
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Taken together the experiments suggest that the immuncmodulation relevent to the
antivirsl resistance observed folloving §. pertussip induced resistance may be
difficult to identify. One has to consider thet the issunomodulated activities
scasured in vitro may be marginal as assessed, but the sase imsunomodulation of
activity expressed in the microenvironment of the ismune systea sey reflect a
substantial increase in activity. In addition, the antiviral state might result froe
marginal imsunowodulaton of seversl nctiviticu that act in concert.

2.7. BPV INDUCED ANTIVIRAL ACTIVITY AGAINST VIRUSES OTRER THAN MOUSE ADENOVIRUS. BPY
vas tested for antiviral activity in virus infection models other than sousme
sdenovirus., BPY treatment did not prevent death after Venezuelan encephalitis virus
of wmice (Table 2.7.1). BPY treatment did not prevent death sfter Pichinde virus
challenge of quinea pigs, but the treatsent may have extended life (Table 2.7.2).

2.8. MICROBIOLOGICAL STATUS OF THE C3H/HeN MOUSE COLONY. Our C3H/HeN woumse colony vas
derived from tvo pairs of breeders obtained from the Hetional Cancer Inmtitute,
January 24, 1981, The 'mouse colony vas tested serolog$ :ally for the presence of
mycorlames and viruses, January-June, 1986 . Dr. Gai. Cassel, 'University of Alabama
in Bir-inghan, testd the individual antisers of 53 retired vreeders from our C3H/HeN
‘colony by an ELISA.tes*. All of the mice vere negstive for antibodies in the IgG
clans. . Seven 0of the sice vere positive, 41 vere veakly reactive, and 5 vere .negative
for ‘antidbodies in the IgM class. Theese.dats indicate the colony is infected vith
wycoplasma; hovever, the ELISA test devimed by Dr. Cassell does not distinguish
betveen M. pulmonig or M. srthrjitidig. The role of this *hidden® infection of the =
solony in issunomodulation studies is not clear at th ; tiwe.

Microbiologicsl Associates, Inr., Bethesda, ND, tested pools uf sers obtained from
retired btreeders (five animals per poal). The colony vas negative for Reovirus 3, K -
virus, Polyoms virus, murine cytomegaiovirus, lywphocytic chorioweningitis virus,
Sendai virum, ectromelis virus, souse encephalosyelitis¢ virus, and wost significantly,
wouse adenovirus. The absence of mouse adenovirus antibodies in the colony coupled
vith the premence of high titer NMAdlpt4 in the virology lsboratory indicates our
containment procedures are effective, Hovever, all of the serus pools tested positive
for souee hepatitis virus.' The mice did not have e idence of mcuse hepatitis virus
infectior at (he time of shipment from the National Cancer Institue Contractor. HNouse
hepatitis virus infection in & colony is knovn to be amsociateéd vith abnormal immune
reactions. Thism infection of the colory aay be asmsociated vith the development of
erratic results obtained vwith the Alhydrogel protocol. ‘{ovever, Or. P. Morahan has
notesd the pertisl protective sctivity of Al“ydrogel in mice that vere raimed in
izolntors, We immedictely initisted s nev breeding colony of C3H/HeN sice and are
revieving possible sources of infection from within the snimal facility.

2.7 MOUSE ADENQOVIRUS CONCENTRATION. A constant problem in our antivirel studies haw
teen the jrovth of high titer stocke of delggj for the challenging infection. Thene
atncka should be 4.0 x 10" PFU/=1 or higher to ob*tain death in 100X of the test
popuiation,  We attesmpted to concentrate lov tite: stocks of HAdlpt4 vith tangential
fio¢ altrafiltretion. - Our initiel experiment demonstrated that tangential flow
ultrafiltration does not inactivate the virvs and can be umed ‘3 concentrate the virum
f2r lethal dome virus stocks with excellent levelm of recovery (Table 2.9.1), The 0.1

1% pore wiie vas too large to retain ell of the virus, but filters of smaller pore
2ire are avaiisble.
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Teble 2.6.9. Interferon Production by Mecrophages Trested vith EP-LPS

------------------------------------------------

Interferon Titer® of Supernatents from

Concentration® Nacrophages Trested with:
(ng/wl) . EP-LPS LPS/EC EP-LPS/EC
Experiment 1: T '
100 ' >8 4
10 4 4
1.0 - ' 4 <2
0.1 <2 <2

Experiment 2:

100 >8 . 8 . <2

10 . >8 . »8 <2
1.0 <2 . <2 . <2
0.1 <2 <2 . ’ <2

* Nucrophages vere dorivod from 10 day cultures of wurine bono marrov collo grovn in.
the presence of colony stisulsting factor-1 (L9329 cell- conditioned weédium). The
cultures vere incubated in the designated concentrations of iseunoscdulators for 2.0
h, vashed, and incubated sn additionsl 24 h. Culture lupornltnnt. vere resoved and
assayed for interferon ectivity.

* The titer im endpoint im defined ss Lhat asount of 1ntorieron sufficient to inhibit
plaque production by a stantard dose of vesicular stowatitis virus by 50 X.

[ R L L ey R Y L R L E Y R X
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Treatment® - Percent Specific Relesse®
_(ng/ml) [-IFN) [+IFN)©
EP-LPS ‘
2.0 -4. 4 13.7 '
1.0 0.9 - -5.7
0.5 3.1 T =8.7
0.25 S.2 . -6.8
0.125 ‘ 2.0 -4.4
0.06 -1.0 -3.9
LPS/EC .
2.0 5.5 67.7
1.0 1.6 64.3
0.5 2.5 . - 32.6 .
0.25 2.2 0.3
0.125 5.0 -4.1
0.06 8.1 -4.0

. Nacrophages vere derived from 10 dey cultures of wurine bono marrov cells vere grown
in the presence of colony stimsulating factor-1 (L929 cell-conditioned medium). The
cultures vere incubated for 4.0 h vith the designated concentration of '
imsunomoduletors to cbtain partial activation and then incubsted in the presence or
absence of gsmma interferon to obtain full activetion as effector cells.

' %!Cr-labeled P8135, mastocytoma cells vere incubated 16 h vith macrophages st .
single effector to target cell ratio of 2.5:1. Specific release vas calculated. as
described in Table 2.6.5. ' '

¢ Gamma interferon at s final concentration of 0.4 IRU/ei vas asupplied by a
supernatent frow s 72 h culture of Con A stisulated spleen cells.

B R e e R e N L L L R L TR T X NS AP N
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Table 2.6.11. Activation of Cytolytid Activity in Nacrophages by Supernatants from
EP-LPS Treated Macronhage Cultures.

Toemoen L L L L T R P T T Y P Y L X ceccscasseea wCecccvcasasracaaen ‘- --

Dilution of

Treatsent of Conditioned Percent Specific Release*
Nacrophage Culture* . Supernaptent* Experiment | Experimwent 2
EP-LPS, 100 ng/ml 112 - 70 ¢ 6 24 ¢ 4
1:4 63 ¢ 7 18 £ 1
118 , 61 ¢ 4 11 £ 3
“1116 ' 49 ¢ 1 622
EP-LPS, 10 ng/ml 1:2 49 ¢ }
1:4 31 26
1:8 " 31 ¢ 4
' : 1116 239+ 6
LPS/EC, 100 ng/ml 1:2 19 £ 2 4.2 2
. 114 ' 52 J s}
1:8 ‘423 42
1:15 322 121
LPS/EC, 10 ng/ml 1:2 81
: . 1:4 2.1
1:8 3+ 2
. 1:16 0z
EP-LPS/EC, 100 ng/m) 1:12 15 ¢ 12 32
: 1:4 826 21
1:8 827 322
1116 8 ¢} 01
EP-LPS/EC, 10 ng/ml 1:2 16 ¢+ 3
1:14 T7Te }
1:8 11 ¢ 2
1:16 3¢ 2
None 1:2 14 ¢ 18 21
1:4 7 ¢ 12 2:1
1:8 11 + 13 2:0
1:16 9+ 13 121

Hacrophages vere derived from 10 dey cultures of murine bone warrov cells vere grown
in the presence of colony stimulating factor-i (L929 cell-conditioned medium). The
cultures vere incubated for 2.0 h vith wedium containing the designated
concentration of issunosodulators.

The supernstants froa each culture vere harveated oc~parately and deniqn.teﬁ
dilutions teeted for their ability to activate cytotytic sctivily in nev sacrophsge
cultures. The sedium in the nev macrophsge cultures con*ained 10°* N indomethacin
to prevent down requlation of the escrophsges by -ndoqvnéul production of
prostaglandine and LPS/EC (100 ng/ml) to partially s:tivate the :-ccrophages.
Cultures vere then incubated for 24 h and vashed.

' Cr-labelled PAIS mastocytnms cells vere added st % single effectour tou .arget cell
ratio nf 2.%:1. After an sdditional 16 h of incubation the elease of *'Cr vas
aunnypd and apecif{ic releame vas cnlculntrd ae demcribed in Table 2. 6.5.

....................................................................................
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Table 2.7.1 Effect of BPY Treatment on Resistance to Venexzuelan Virus Infection in
Mice.

cosnwes cTaccecncsvwvasew cessssacseseeee PG D P D D 0 e W A A W R S e

A Deaths (day after|infection)
Irestwent® 3 6 Z & 2 10 | 2 Deaths/Total

Experiment 1%

None 1 2 2 3 10710
B8PV, 250 ug 2 2 3 2 1 . 10/10

Experisent 2°¢

None 1 2 1 9% 1 - " 10/10
EP-LPS, SO ug g 1 4 1 10/10

[9Y

¢ BPV vas suspended .in saline-werthiolsate st a concentration of 500 ug/ml and the

challenge vith Venezuelan equine encep
“®wl), by subcutaneous injection.

challenge vith Venezuelan ‘equine encep!
ul); by subcutaneous injection.

Table 2.7.2, Effects of BPV Treatsent
Guinea Pigem

Trestment * . Deaths (dsy after infection)

13 14 13 /18 17 18 19 Deaths/Total

Diluent 2 3 1| . 6/6
BPY, 4.0 mg (10 mg/kg’ 2| 3 1 o 6/6

* BPY muspended in saline-smerthiolste ves used at a concentration of 2.0 wg/mi. The

designated dose in 2.0 ml vas inject i.p. into guines pigs (400 g) seven days
prior to challenge vith Pichinde virum (40 PFU in 0.2 ml) by subcutaneous injection,

P R L Ty
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Titer
Samp'le (PFY/wml) X _Recover Fold Concentration Desths/Tots)
Gtock 1.9 x 10* - .- 3/9
Jetentate 6.0 x 10¢ 63 3.1% 3/3
Filtrate 4.4 x 10 35 0.18 0/3
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IMMUNOMODULATION BY BORDETELLA PERTUSSIS :
| ANTIVIRAL EFFECTS

A.L. Winters', D.W. Baggett', J.D. Lee",
G.L. Sloan', R.D. Lemmon? and R.S. Stinson'

ABSTRACT

Treatment of mice by intraperitoneal inoculation of pertussis vaccine or
lipopolysaccharide extracted from 8. pertussis will effect resistance to rabies
virus, encephalomyocarditis virus, Semliki Forest ‘virus, and Herpes simplex
virus, Our previous observations indicated that treatment of C3IH/HeN (+/nu)
and BDF, mice with pertussis vaccine injected i.p. five days prior to a mouse
adencvirus lethal dose i.p. challenge elicited resistance 1o clinical disease and
death. Suscepribility returned to a portion of the test population 35 days after
pertussis vaccine treatment. The pertussis vaccine induced resistance developed
in athymic (nude) mice also : however, the population succumbed to infection
35 days later. Titration of pertussis vaccine with respect to induction of resist-
ance indicated the median efizctive dos' (EDq¢y) was appronmately 25 ug dry
weight.

' This report describes the antiviral activity’ of 3ccllular components
extracted from pertussis vaccine. Extraction of B. perrussis cells with 1.0M
NaCl and ammonium sulfate fractionation (20-40% saturation) of the extract
resuited in an acellular preparation that inducad resistance to lethal dose mouse
adenovirus infection. The resistance inducing activity was retained after treat-
ment of the extract with detergent (GAF Emulphogene BC 720) to remove lipo-
polysaccharide and adsorption to alum gel. Comparison of endotoxin content
of pertussis vaccine acellular fractions, polysaccharide fraction and purified lip-
opolysaccharide suggested that endotoxin probably plays a role in the induction
of resistance. The endctoxin content of a Emulphogzne-treated preparation that
protected $0% of a test population was 39 ng. The lipopolysaccharide extracted
from Escherichia coli, Vibrio cholerae; Salmonelia typhimurium, and Saimonella .
minnesora did not induce a resistant state seven days after administration | how-
ever, 1ipopo|v<accharidc extracted from B. pertussis induced a resistant state.
Treatment of pertussis vaccine with periodate (0.! M NalG, at 25°C ftor 48 h)
destroyed the resistance inducing activity. Qur data suggest that either 3. pertus-
sis ‘'endotoxin is unique from other bacterial endotoxins and is an extremely
fong-acting immunomodulator or the 8. pertussis lipopolysaccharide prepara-
tion {medified Westphal phenol-water extraction from T.W. Klein, University
of South Flonda, Tampa, FL) was contaminateu with an unidentitied periodate-
sensitive molecule with immunomodulating activity.

INTRODUCTION

~ Numerous immunomodulatory activities have been observed followirg the
administration ot pertussis vaccine (PV) (1-4). Several of these immunomodulatory
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activities have been associated with specific components of the microorganism
(5-11).

Immunomodulation by PV can modily the pathogenesis of viral infections.
Treatmen: of mice by intraperitoneal (i.p.) injection of PV increased susceptibility
to intranasal influenza virus challenge five to seven days later (12). Administration
of PV by the intracranial, intravenous, or i.p. route increased resistance to an intrac-
ranial challenge of rabies virus when the vaccine was administered simultaneously
with the virus (3). Increased resistance to Herpes simplex virus inoculated by the
i.p. route developed seven days after PV treatment by the i.p. route, but resistance
was not observed when the mice were treated with PV for only three days (13).
Increased resistance to mouse adenovirus inoculated by the i.p. route developed
seven days after PV treatment by the i.p. routs (1), but not before five days. The
resistance developed in nude mice and was retained approximately 35 days.

Acellular fractions of B. pertussis, namely lipopolysaccharide (LPS), glyco-
lipid, lipid A, or lipid X, induce resistance to an i.p. challenge of encephalomyocar-
ditis virus or a subcutaneous challenge to Semliki Forest virus when the acellular
fraction of B. pertussis was administered 24 h before the virus challenge (5, 14). An
acellular fraction developed from a high salt wash of B. pertussis ceils induced
resistanice to mouse adenovirus challenge seven days later. A preliminary character-
ization of the factor in PV that induces resistance to mouse adenovirus infection is
described in this report.

MATERIALS AND METHODS
Animals

A colony of C3H/HeN (mammary tumor virus negative) mice was maintained at the
University of Alabama. C3H/HeJ nice were obtained from Jackson Laboratory, Bar Harbor,
Me.. Male and female mice were used in this study. All animais were treated by i.p. injection
* of the test material and after seven days challenged with a lethal dose of virus inoculated i.p..

Vaccines

PV was provided by Connaught Laboratories, Inc., Swiftwater, Pa.. Vaccines were
made also from Strain 18323 and Tohama I11 (Dr. James L. Cowell, Center for Drugs and
Biologics, Bethesda, Md.), Tohama I, Tohama I-derived BP347, and Tohama [-derived BP359
(Dr. Stanley Falkow, Stanford University, Stanford, Ca.), and Strain 11615 (American Type
Culture Collection, Rockville, Md.). The organisms were maintained on BG agar base (Difco
Laboratories, Detroit, Mich.) supplemented with 17% defibrinated sheep blood. Vaccines were
made by harvesting four-day growth from Cohen-Wheeler agar (15) in phosphar~ butfered
saline (pH 7.2) and inactivating the cells by heating (36°C for 30 min) in the presence of 0.02%
thimerosal. The, vaccines were adjusted to approximately 4.0 mg dry weight per ml in saline-
thimerosa! diluent (0.15M NaCl in 0.02% thimerosal) and stored at 4°C. :

Acellular tractions

Fraction 15A-1B. Four day growth of phase 1 B. pertussis (Connaught Laboratories.
Inc. vaccine strain) was harvested from Cohen-Whezler agar medium and the cells were
extracted with 1.0 M sodium chloride containing 0.05 M sodium phosphate buffer (pH 7.2)
and 0.02% thimerosal for four days at 4°C. The cells were sedimented by centrifugaiion and
the supernatant was decanted. The fractional precipitate (20-40% ammonium sulfate satura-
tion) was collected by centrifugation, resuspended in tuffered saline, dialyzed and designated
15A-1B. Protein content was determined by the method of Lowry and coworkers (16).

Fraction 15A-108A. Emulphogene BC 720 (General Aniline & Film Corp., New York,
N.Y.) was added to a portion of fraction I5A-1B to give a final concentration of 1.0% (v/v).
The mixture was incubated for #0min at 4°C and the precipitate was sedimented at
100.000 % g for 60 min. The pelflet was resuspended in phosphate buffered saline ard the
suspension was adsorbed to a 1.0% aluminum hydrexide gel. This alum-stabilize 1 preparation
was designated as traction 15A-108A.
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LPS. Purified B. pertussis LPS was provided by Dr. Thomas W. Klein, University of
South Florida, Tampa, Fl. The LPS was extractzd from B. pertussis, 3779 BL,S, by a' modified
Westphal phenol-water procedure (17, 18). Lipopolysaccharides extracted by the. Westphal
procedure from microorganisms other than B. perrussis and the Limulus amoebocyte lysate
test for endotoxin were obtained from Sigma Chemical Company, Inc., St. Louis, Mo.. The
efficacy of endotoxin detection was assumed to be similar for free- and bound-LPS (19).

Polysaccharide. Cell surface polysaccharide was harvested and partiaily purified as
described by another worker (20). Four day growth of phase I B. pertussis 18323 was harvested
from Cohen-Wheeler agar medium using 0.01 M potassium phosphate buffer (pH 7.0) and the
cells sedimented by centrifugation. The cells were resuspended in buffer and the capsule
(slime) polysaccharide was removed by brief shearing treatment in a Waring blender set at top
speed for 45 sec. Thz cells were removed by centrifugation and the supernatarn.c was combined
with the previcus wash buffer. After precipitation with acetone at gH 2.0, and resuspension in
aqueous solution at pH 9.0, protein was removed by a second precipitation at pH 3.0. The
supernatant was dialyzed and concentrated in a flash evaparator at 30°C. Hexose content of
the polysaccharide was estimated by the anthrone reaction (21, 22).

" Virus
. A plaque-type variant of mouse adenovirus, designated as mouse adenovirus plaque
type 4 (Madlprd), was used in this study. The median lethal dose of the virus is 5.0 x 10¢ PFU
in C3H/HeN mice. Lethal infections are accompanied by hemorrhagic pneumonia.(23). The
virus was propagated in L cells (NCTC Clone 929, American Type Cuiture Collection, Rock-
ville, Md.). Virus titers were determined by a plaque assay (24).

RESULTS

Acellular f-actions 15A-1B and 15A-108A were developed in an attempt to
eliminate the deleterious side effects of immunization with PV. These fractions were
formed by extraction of whole B. pertussis with a high salt solution. Polyacrylamide
gel electrophoresis of 15A-1B revealed at least 13 proteins ranging in size from
16,500 to 139,000 and the gel patterns were similar to outer membrane proteins
extracted by other researchers (25, 26). The acellular fractions retained significant
protective activity in the mouse protection test (27) and inducad resistance to mouse
adenovirus infection also (Table I). : :

Table I. Activities of B. perrussis vaccine and acellular extracts:

Treatment Dry Weight Protein Hexose LPS Challenging Dosa® Mortality

(ugq) (Lg)_ (ug) __ (ug) . (FFY)y (deaths/total)

PV, T 2%0 $1 --- 2,34 1.0 x 108 os2y
Connaught

PV, 23 S.1 . --- ' 0.23 - 1.0 x 108 ) 19/47
Connaught

15A-18 --- 46 --- 147 2.3 x 107 - 3/16
15A-1084A --- 12 . 0.039 2.8 x 107 4/20
LPS 20 < 0,2 1.1 > 40 2.8 x 107 0%
Poiysaccharide 415 11.5 480 100 2;1 x 107 0s5

* All virus stocks were lethal to 100% of diluent-treated animals, except in the polysaccharide
test, where the virus stock initiated fethal infection in three of five mice.
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Examination of the protein content of PV and the acellular fractions indi-
cated that a proteinaceous factor might be involved in the induction of resistance.
Several of the virulence factors of B. pertussis are associated with the cell surface
and are known to have immunomodulatory activity. Mutants of B. pertussis and
strains that are lacking or greatly deficient in virulence factors were examined for
their ability to induce resistance to mouse adenovirus infection. Strains that do not
exhibit virulence factors, Tohama III (28) and a prototype phase IV ATCC 11615
(29) induced resistance to adenovirus infection. Mutants of B. pertussis, which were
induced by a single transposon insertion and are deficient in at least five of the vir-
ulence-associated factors (30), induced resistance also. ’

Examination of the LPS content of PV and the acellular fractions indicated
LPS was present in the vaccine and its fractions. However, no quantitative relation-
ships between the amount of LPS present and the degree of resistance inducing
activity was recognized. Although fractions 15A-1B and 15A-108A varied several
thousandfold in LPS content, the fractions induced similar degrees of resistance
(Table I). The role of LPS in inhe induction or resistance was examined firther by
assaying the immunomodulatory activity of PV in the endotoxin unresponsive
C3H/HeJ mouse strain. Resistance did not develop in PV treated C3H/HelJ mice
(Table I1). However, LPS extracted from B. pertussis induced a virus resistant state
in the endotoxin responsive C3H/HeN mice and the resistance inducing activity of
B. pertussis LPS appeared to be unique among several gram-negative bacteria tested
(Table D). : ‘

Tuble I1. Activity of Connaught PV in C3H/HeN and C3H/HeJ mice.

Treatment Mouse Strain Challenging Dosa Mortality
(PFU) (degtharstotal)

Diluent C3H/HeN . 2.1 x 107 /s

PV, 2%0 ug C3H/HeN 2.1 x 107 ors

Diluent C3H/HeJ 2.1 x 107 . 9/10

PV, 250 ug C3H/HeJ 2.1 x 107 10710 -

Table 1. Activity of LPS extracted from several bacterial spectes,

Treatment ] Horﬂulity'
(deatha/total)

Jiiuent ‘ 5/5.
Escher:chia coli, serotype 035:8B5, 20 ug 5{5 '
Viosrio choierae, serotype lnaba 5698, 20 ug . 579
Sainmoneila “yphimur:um, 20 ug . . 375
Sa.monelia minnesota, 20 ug ' . 5/%
Berderalla pertussia, 20 ug ‘ ' 0’3

* Challenged with 2.8 x 107 PFU seven days after treatment.
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A carbohydrate moeity in PV was involved in the induction of resistance. The
protective activity of PV was abrogated when modified by treatment with 100 mM
periodate (Table 1V). However, mitder treatment with periodate did not affect PV
activity. The purification of LPS by the phenol-water procedure does not specif-
ically separate polysaccharide from LPS. Therefore, capsule (slime) polysaccharide
was extracted from B. pertussis ceils and tested for resistance inducing activity. The
polysaccharide fraction induced resistance to mouse adenovirus infection (Table I).
The fraction contained a greater amount of anthrone reactive sugar residues on a
basis of dry weight as compared to the purified LPS fraction, however the poiysac-
charide fraction contained substantial amounts of LPS and protein also.

Table IV : Periodate treatment of PV.

. Treatnent® . Challenging Doae Mortality
(PEU) € / )
Exp. 1
Diiuent 2.8 x 107 5/%
PV + 100 aM NalO4 for 72 h at 2%0C 2.8 x 107 5/%
PV. «+ H20 for 72 h at 259C 2.8 x 107 0%
100 mM NalQO4 for 72 h at 2%°C 2.8 x 107 N ¥4-)
1 Exp. 2
Diluent 2.8 x 107 $/%
PV + 0.% mM Nalldq for 30 min at 379C 2.8 x 107 0s%
Exp. 3
None o 2.1 x 107 ' s/s
PV « 10 mM NalOq for 30 min at 37°C 2.1 x 107 orS
PV - 2.0 mM NalO4q for 30 min at 37°C 2.1 x 1067 ors
i

* After the indicated reaction of periodate with PV mice were inoculated i.p. with the mix-
tures and challenged with virus seven days later.

DISCUSSION

The observation that acellular fractions of PV could induce resistance to
mouse adenovirus infection demonstrated definitively that a subcellular compo-
nent(s). of the B. pertussis cell was involved in the triggering of an acquired resist-
ance to adenovirus infection. The role of protein in induction of resistance to
mouse adenovirus infection 1s probably minor since the purified LPS fraction con-
taining relatively little protein (<0.2 ug) induced resistance. This conclusion was
supported also by the fact that B. perrussis strains, which lack several virulence fac-
tors associated with the cell surface, induced resistance. However, small amounts of
protein might play a synergistic role in the induction of resistance (L 1). :

The Limulus amoebocyte lysate assay for endotoxin detected approximately
one third of the endotoxin estimated to be in unfractionated PV (32, 33). A lack of
correlation between LPS concentration and resistance inducing activity of the vac-
cine and its acellular fractions may have been due to substances in each fraction
‘that interfered with the amoebocyte lysate assay to varying degrees, The observa- |
tion that C3H/HeJ mice did not respond to PV with induction of resistance indi-
cates that LPS plays an important role in the triggering of the antiviral mechanism.
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The role of polysaccharide in the resistance inducing mechanism remains to be
questioned. Mild conditions of periodate treatment (0.5 mM NalO, for 30 min at
37°C), which abrogates the adherence of B. pertussis glycocalyx to bronchial ciliated
epithelial cells (34), did not decrease the resistance inducing activity, However,
treatment of PV with an increased concentration of periodate and increased reac-
tion time destroyed the resistance inducing activity. The terminal octulosonate resi-
due of polysaccharide I'derived from B. pertussis LPS has been reported to bé sensi-
tive to the more stringent periodate treatment (35). Comparison of the LPS and
polysaccharide content in both the LPS and polysaccharide fractions in conjunc-
tion with the titration of the resistance inducing factor in both fractions should illu-
minate an association between a given component and the resistance inducing
activity. _ ' .

The LPS of B. pertussis appears to be unique, since LPS extracted from other
gram negative miroorganisms did not induce resistance to mouse adenovirus. These
observations would imply also that the mechanism of resistance induction probably
does not involve the numerous immunomodulatory mechanisms activated by the
LPS of other gram negative microorganisms (36). We may be examining, using a
different functional assay, the same compensatory resistance mechanism to Listeria
monocytogenes described by others (33). It is interesting that both this bacterium
and virus are cleared by a cell-mediated immune response (37, 38). Although many
of the immunomodulating reactions of LPS are observed within 72 h after treat-
ment, LPS is retained in a biologically active form in lymnhoid tissues for much
longer periods of time (39) and theretore could serve possivly to stimulate the anti-
viral resistance mechanisms for several weeks. The PV induced altered immun:
state (revealed as resistance to virus infection that persists several weeks) might play.
a role in the continued pathogenesis of B. pertussis infection after the detectable
organism is cleared.
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ANTIVIRAL ACTIVITY OF BORDETELLA PERTUSSIS
VACCINE-ELICITED PERITONEAL EXUDATE CELLS -

D. W. Baggett, P. A, LeBlanc, F. S. Allison,
M. J. Thomlev and A. L. Winters® '
Cepartment of Microbiolory, University of Alabama
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. ABSTRACT .

Peritoneal exudate cells coliected from mice 7 days after
treatment with Bordetella pertussis vaccine exhibited sigrificant
in vitro antiviral activity against vesicular stomatitis virus
(VSV). Vaccine-induced peritoneal exudate cells exhibited both
intrinsic and extrinsic antiviral activity {n culture with targect
YsV=infected L cells., Virus replication was poor i{n the vaccine-
{nduced exudate cells.. Coculture of vaccine-induced exudate cells
and VSV-infected L cell targets decreased virus yield. The activity
apneared specific for {nfected cells and at least a portion of the
antivival activity was dirvcted against the {nftlal {nfection
cvele, . Nonadherent vaccine~induced exudatae cells showed an {ncrease
in antiviral activity over total vaccine-induced exudate cells.

e INTRODBUCTION

A number of {mmuncmedulatory activities has heen assoctated

with Bordetalla pertussis vaccine (30V) (1,2,1). Several of the«e
activities have heen assoctated with dpecif{ic componenta of 3,
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administered by the subcutaneous, 1n§raper1toneal{ or intravenous
route at the same time as the virus (2). Kirchner and coworkers
demonstrated that pretreatment of mice with BPV 7 days prior to-
intraperitoneal challenge with herpes simplex type l virus conferred
protection to the mice; however, administrafion of BPV 3.0 days
prior to challenge did not result {n pfotnc:ion (13). ¢Similar
protection has been pbserved with foot and mouth dfsease virus (14)

and mouse adenovirus (1,15)., Resistance to challenge with Semliki

Forest virus and encephalomyocarditis virus has been reported when
acellular fractions of B. pertussfq were administered 24 hours

eirlier (4,16), While several reports on the abilitv of 2PV or N

v
\ .

componeﬁts of 8. nercussis to alter the murine re3ponse to a
varfaty of virus i{p‘ecticns exist, few have actempted to character-
{ze or define the mecharnism of antiviral activity. This report
inftiates character!zntion'of peritoneal exudate cell (PZC) anti-
viral activicy elicited by BPV trearment.

: MATERIALS A§n METHODS

‘adcine Treatment, BPV was orovided bHy Connraught Laboratertes,

s
- f

wiftwater, Pa,, and stored at CAPY was adiusted to 300 ug

Clry owerahty ser ml o in a thimerosaj-siline diiluent (O
fa 3. 0TM a0y and 0% wl wag {njectd ntraperitoneaily ifhﬂd{ftelv
afear ditueion “o infriate rragtment,

“T?_) PRE] ﬁnxutlfnvd.zt the

A, A Solony of mice (D0MYeN,

fvoratty of Aladamausing a modification nf the asentic

"he {aft{al breedling

sy
v
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~
.
—

techniquese of Jiovanella and Steh

]

it cek for the eolonv was obtained from Dr. Carl Hansen (Naiional

Tancer Tnytityte, 3ethesda, Md, V.
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Cells and Culture. L cells (NCTC clone 929; American Type Culture

Colliection, Rockville, Md.) were maintained in Dulbecco modified
Eagle medium (DME) supplemented with 10Z fetal bovine serum,

100 units/ml peniciliin. and 100 ug/ml streptomycin (K.C.
Biological Inc., Leﬁexa. Ks.). All incubations were carried out at
37°C under 5% C0,-957 humidified air mixture.

Virus. Vesicular stomatitis virus (VSV), Indiana serotype, was
qbtained from Dr. Jack W. Frankel (bept. of Health and.Rehabilita-
tive Services, Tampa, él.) and propagated in L cells. Virus
infectivity was determined u;ing a plaque assay on L cell mnolayer
cultures under DME containing 0.5%7 agar. Thirty hours after virus
adsérption, plaque forming units (PFU) were enumerated after

monc lavers cultures were fixed with buffered formalin and-stained
with crystal violet soluticen (1 mg/ml).

Féfector Cells. PQritoneal exudate cells (PEC) were collected

7.0 days after treatment with eigher BPY (BPV-PEC) or vaccine
diluent (DIL—PE?). The elicited cells were removed by peritoneal
lavage using {ced unsupplemented medium. PEC were cgntrifuge&
(173 x g, !0 minutes, 4°C) and washed cwicelwtth phosphate buffered
saline (4°C), The PEC were adfusted to 4.0 x 106 cells/ml ia
supplemented NME for squbsequent cuiture.

Nueleated Cell Zaumeration and Differentiation, Mice were treated

7 days prior to use with 3PV or di{luent., Animals were gacrificed
by Jdecapitation and the peritoneum was lavaged with 5.0. 7l Hank's
balanced salt solution (23°C). To provide consistency only 3.0 ml

of the 5.0 =m1 lavage was recovered and placed {n 12 x 75 mm glass
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tuﬁes for centrifugation, 100 x g for 370 min at 25°C. The
supernatant was discarded and the cell pellet resuspended in three
drops of 257 albumin. Wedge-shaped smears for Wright-Giemsa
staining and nucleated cell differentiation were made from this
suspension and evaluated using thc criteria for cell i{dentification
as described by Diggs gi al. and Wintrobe et al. (18,19). In
addition 20 ul of the original lavage was diluted in paréicle-free
dilution vials containing 10 ml of azideffree Isocon.lf (Coulter
Diagnostics, Hialeah, FL) for electronic counting. Three drops of
azide;free Zapoglobulin Il (Coulter Diagnostics, Hialeah, FL) were
added‘tc lyse erythrocytes, the vials were mixed by inversion, and
the total number of white blood cells in the peritoneal lavage
enumgracad uéing-a Coulter Counter, Model ZBl (Coulter Electroniés.
Hialeah, FL).

Growth Curve of VSV {n Target Cells o= Effector Cells. One tenth

milliliter of L cell suspension (4.0 x 106 cells/ml) was placed in
each well of z flat bottom micvotiter plate and incubated over-
night. - The CULCur;s wera {nfected with VSV by addition of 0.025
milltliters of virus stock to obtain a calculated multiplicity of
infecticn (MOI) of 5 x 10.3 PFU/eell. One hour after virus
adsorption, 0,05 ml of supplemented CME was added to each well.
The plates werz incuoat;d and samples taken at appropriate t.me
{ntervals., Each data poirt represehtn the virus concentra:ion from
2 pooled microtiter well cultures.
The permissiveness of DIL-PEC and BPV-PEC for VSV was examined

in a similar manner. Each well of separate sets of microtiter
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plates recei{ ed 1.0 x 105 PEC (either‘BPV- or DIL-elicited). The
PEC were‘infected with the number of PFU of VSV as used with target
L cells. This rgduced the calculated MOI to 6.0002 PFU/cell yet
maintained the same PFU to PEC ratio as used in cocuiture
experiments (see below).

Coculture of Effector and Target Cells, L cells (target cells)

were added to microtiter plates as described earlier. After 24 h,

the cells were infected by adsorption of VSV at a calculated MOI of

5 x 10-3

PFU/cell. One hour after virus adsorption, Q.OS ml DME
was added to each well. Two hours after virus adsorption, either
BPV~PEC, DiL-PEC. nonadherent BPV—?EC, orxnonadhérent.DIL«?EC'
(affector cells) were added to the cultures at 25:1 effector:target
cell ratio. Nonadherent PEC were obcaiged by planting PEC suspen-
sion in plastic tissue culture dishes and incubating 2.0 h to allow
at-achment of the adherent cell poﬁulation (20). After 2.0 n Lh;

I medigm was removed and the plates washed twice to resuspend
nonadherent cells. The pooled washings wer; centrifuged and the
cell concentration adjusted to 4.0 x 106 cells/ml for subsequent
culture. The plaves were incubated and samples tgken at

onrapriate intervals.

%

"nfrcmious Center Develonmene,  Thirtv~five mm dishes were seeded
with 1.2 ¢ 107 rarger cells, Afser 2% h incubation, the medium as
: vrer ot s o o= pr
asofrated and V3V added 3t a calculated MOL of 3 x 10 ~ PFU/cell,
T40 hours after virus adsorption, the medium was removed and the

infocted zells washed twice with medium. Either BPFY-PEC or DIL-PEC

wera added at oan effaoctor to rtarget cell ratio of 25:1. Four hpurs
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afrer virus adsorption, the medium was aspirated to remove non-
adherent PEC, and a suspension of L cells sufficient to form a
monrolayer within 24 h was a&ded to each dish. Five hours after
virus adsorption; the medium was aspirated and agar overlay was
added as previously déscribed. Thirty hours after virus
adsorption, PFUs were enumerated after monolayer cultures were

'

fixed and stained.

L‘CeIl Colony Formation. L cells were added to 35 mm ;ishes at a
density of 40 cells per.éish. After 24 h, the medium was remo&ed.
and either BPV-PEC or DIL-PEC added at the previously described
planting density. lDue to the lower number of L cells, an effector
to ta%get cell ratio of 75,000:1 was obtained.. Two hours after
addition of the effector cells, the medium was aspirated and agar
overlay medium added to each dish. The plates were incubated for

6.0 days, the monolayer cultures were fixed and stained, and

‘colonies enumerated.

Cycolytic (Chromium Release) Activity Assay. Direct cellular

‘toxicity was determined as described by Russell (21) with the

following modifications. Effector cells in the cytolysis assays

were 5 x 105 BPV-PEC' or DIL-PEC. Tafget cells were SICI-Labelled:

'VSV—infegted L cells and uninfected L cells. Effector cells were

treated for 4 h with either medium or medium zontaining activators.
Activators used were‘lipopolysaccharide (E. cold 0111:84, 3.0 ng/m}
courtesy of Dr. D. él Morrison, Kaﬁsas.Medical Center, Kansas City,
KS), lymphokine-rich supernatant from Con A-scimulated spleen cell

culture (1 IRU gamma interferon/ml), or a mixture of lipopoly~
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saccharide and lymphokine. Specific chromium release was calculated

using the formula:

ZSpecific SICr Release=Experimental CPM-Spontaneous Release CPMx100

Total Release CPM~Spontaneous Release CPM

Statistical Analvsis: Results from the experiments were expressed

as mean values and analyzed using the Student's t test.

RESULTS o e
Differences in the amount of virus produced in cocultures qf
L cells and DIL-PEC as compared to L célls alone, were not apparent
(Figure'l)Q However, cocultures of L cells with BPV-PEC decreased
the ability of L cells to synthesize VSV approximately 90Z.
To establish the contribution of PEC to viral replication in
the cocﬁl:ures. separate cultures were infected with VSV with the

usual virus conc:ntrations and the usual cell concentrations.

These conditions resulted in a calculated MOI of 5 x 10..3 PFU per

-4 ' .
L cell, and a calculated MOL of 2 x 10 ~ PFU per PEC. Although
there were more cells in the PEC populations than in the L cell
cultures, infection of BPV-PEC or DIL-PEC resulted in the

pfoduction of 2-3.5 log less virus. Thus, borh BPV-PEC and

10
DIL-PEC were less permissive than L cells (Figure 2). Furthermore,
BPV-PEC were less permissive for VSV replication than were DIL-PEC"
(4.0 versus 2.5 loglo PFU/ml at 72 n). These cesults, considered

with those in Figure |, demonstrated that in combination cultures

of PEC and infected L cells, the PEC were'résponsible for less than
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FIG. 1. Growth Cu.vz n€ VSV in L Cells and- Peritoreal Exudate Cell
Cocultures. VSV was adsorbec to L cell cultures. fter 2 h,
either medium ( O ), Diluent-elicited PEC ( O ), or BPV-elicited
PEC ( @ ) were added and VSV infectivity in the cocultures was
assayed at the times indicated.

I percent of the virus synthesized and that BPV-PEC were inhibiting
virus replication in.the L cells. |

To estabiish the significance of the antiviral effect. ten
separate pools of supernatants of VSV-infected L cell cultures,
alone and }n coculture with BPV-PEC and DILjPEC; were collected.
Samples taken 60 h after infection,coéfirmed the agtiviral activity
of BPV-PEC and showed that cocultures of BPV-PEC and infected L
vells produced significantly less virus (approximately 80%) than

cultures of DIL-PEC and infected L cells (Table 1).
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FIG. 2. Growth Curve of VSV in L Cells and Peritonéal Exudate
Cells. VSV was adsorbed to cultures of L cells ( O ),
Diluent-elicited PEC ( Q ), or BPV-elicited PEC ( @ ), and virus
infectivity assayed.

Activity of BPV-induced Peritoneal Exudate. Cell

TABLE 1

on VSV Synthesis in L~929 Cells

597

infected Culture Treatment

Control (no PEC addition)
‘DIL-PEC Coculture
BPV-PEC Coculture

Virus titer after 50 h

(PFU x 10°°)
Mean SD
18.4%¢ 7.8
37.1%°? 28.8
2.6%¢ 0.9

a. Student's
b. Student's

¢. Student's

£
L
£

test, d.f. = 18, p = ,059.
test, d.f. = 18, p = .00l.
test, d.f. = 18, p < .001L.
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The effect of BPV-PEC coculture on infectious center develop-

ment was examined to see 1if inhibition of VSV synthesis occurred in

‘the initial cycle of infection. BPV-PEC resulted in a 15% decrease

in infectious centers as compared to control qulturés and a 327
decrease iﬁ infections cen;ers as compared to DIL-PEC (Table 2).
At least a portion of the antiviral activity resulted from the
interaction of BPV-PEC and the initially iﬁfecced L celis.

Colony formation of L cells in tihe preSence of PEC was examined
to determine whether BPV-induced PEC were toxic toward L cells

independent of virus infection. While BPV-PEC exhibited some

toxicity toward uninfected L cells (Table 3), BPV-PEC reduced the

 number of colonies only 227 while DIL~PEC caused a 697 decrease in

L cell colonies. The notable decrease in colony formation result-

. ing from coculture with DIL-PEC suggested a nomspecific toxicity

toward uninfected L cells. However, miéroscopic examination of the

cultures suggested that the decrease was due to enhanced dispersion

of L cells, thereby reducing the number of discrete colonies

observed.
The cytotcxic activities of BPV-PEC and'DIL—PEC were examined
to establish whether other qualitative differences between the two

PEC populations could be observed at the cellular level. The

cytotoxic activity of ooth cell populations was assayed dsing

-untreated cells and cells exposed to two known biological response

modifiers. In medium without immuromodulators, neither BPV-PEC nor
DIL~PEC exhibited cytolytic activity against uninfected L cells,

while both showed moderate activity against VSV-infected L cells.
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TABLE 2
.. Activity of BPV-induced Peritoneal Exudate Cells
on VSV infectious Centers
Infected Culture Treatment: - Infectious Centers in
‘ L Cell Culture
Mean SD
Control (no PEC addition) '62.8?’c 8.6
DIL-PEC Coculture . . 7.4%% 110
BPV-PEC Coculture - 53.0%°¢ . 6.4

t test, d.f. = 18, p’'= .004,
b. Student's t test, d.f..= 18, p = .00L.
t test, d.f. = 18, p = .009.

d. Student's

¢. Student's

TABLE 3

Activity of BPV-Elicited Peritoneal Exudate Cells
on L Cell Colony Formation .

Saﬁple Treatment - Colonies After 6 days
. Mean SD
'Control (no PEC addition) : ,‘ 30.3%¢ 4,9
DIL-PEC Coculture: ‘ 9.33’b 2.8
BPV-PEC Coculture 23.6%°¢ 4.1

a. Student's t test, d.f. = 18, p < ,00l.
b. Student“s's test, d.f. = 18, p < .001,
.

¢. Student's test, d.f. = 18, p = .003:
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Pretreatment of PEC with lipopolysaccharide potentiated the cyto-

toxic activity against virus-infected cells of BPV~PEC to 100% and

‘DIL-PEC to only 63% (Table 4). Prctreatment of PEC with gamma

‘interferon.did not incraase the cytotoxic activity of BPV~PEC, but

increazed the activity of DIL-PEC two-fold.

‘Seven days after»;reatmeni of mice with BPV there was a 20%

increase in ieucocyces in the peritoneum. Differential analysis of

BPV-PEC further indicated not only a quantitative difference, but

also a qualitative difference in ‘the PEC populations obtained
(TableIS). BPV-PEC demonstrated a §ignifica5t increase in the
propérci?n of.seémented neutrophils over DIL-PEC. Also, the levels
of eésinophilé observed in DIL-PEC were not detected in BPV-PEC.
There were not significant differences between the proportion of
ﬁacrophages and monocytes in BPV-PEC and' DIL-PEC.

An in;tial charaéterization of the PEC population which
displayed antiviral activity wa; pérformed by examining the acti?ity
of PEC and a nonadherent population in PEC. 'Adhereﬁce to plastic

was used to deplete the PEC population of adherent calls. Non-

adherent cells were collected and adjusted to the same concen-~

tration as total PEC. Removal of the adherent cell popuiition

appeared to increase the antiviral activity in a BPV-PEC coculture
(Table 6). Statistical analysis cénfirmed that removal of the

adherent population from BPV-PEC increased the antiviral acﬁivity,
while removal of the adhetgnt cells from DIL-PEC did not result in

a significant virus of antiviral activity.
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TABLE §

"Differential Analysis of Peritoneal Lavage Cells

' Cell count per microliter
(mean ¢ SD)

Cell Type . DIL BPV
Band Neutrophil a 52,6 ¢ 40.5  26.1 % 25.6
.Segmented Neutrophil 55.1 ¢ 55.8 821.6 *+ 129.6
Eosinophil ° o " 237.7 & 108.2 ‘0
Lymphocyte 684.7 ¢ 151.4 706.,9 + 65.5
Transformed Lymphocyte "48.6 + 22.0 1 65.6 + 14.7
Monocyte 1295.8 = 231.2 1282.9 *+ 209.2
Macrophage - 52,7 % 1.7 65.1 ¢ 6.4
TABLE 6
Activity of Nonadhefené BPV-induced Peritoneal
Fxudate Cells on VSV Synthesis in L-9l9 Cells
Infected Culture Treatment . Virus Titer Afggr 60 h
. (PFU x 10 7)
HYean 1Y
Control (no PEC addition) . 10.6, - 3.8
DIL-PEC Coculture 3.5° 1.5
Nonadherent DIL-PEC Coculture ) : ‘ 1.8% 1.3
BPY-PEC Coculture 2.5 8.6
‘l.3b 0.4

Nonadherent BPV-PEC Coculture

a. Student's t test, d.f. = &, p = ,N83,

t
t

b. Student's test, d.f. = 3, p = .004,
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DISCUSSION

Our data indicated that BPV treatment resulted in both
quantitative and qualitative changes in the peritoneum. We
obt;ined a 20% increase in PEC following treatment with BPV. BPV
also i{nduced qualitative differences in the cell populations of th?
peritoneunm. BPV-eifcited PEC demons:?ated an increase in segmenteé
neutrophils, and dramatic decrease in eosinophils. xﬁ contrast
Fishel and coworkers have reported that intraperiﬁonea} injection
of mice with BPV results in a sigﬁificant increase invle;cocytes in
the peritonggl cavity, due ﬁrimarily to an {nflux of macrophages
and their precursors, along with neutrophils (22). They observed.
th;t seven davs after freatmeﬁf with BPV, leucocyte counts and
protein c;ncencracions increased approximataly sixfold over those
_of ajther uninjected controls or vaccine-diluent treated ahimals.

PEC from mice pretreated with either vaccine d{luent or BPV
supported VSV replication poofly when compared to L cells; Further=~
more, BPV-PEC seemed to be less peé%iss}ye for virus replication
than DIL-PEC. Monocytes and macrophages that make up nearlyv 507 of
the cells in PFC are intrinsically reststant to the replication of
manv virnses, Generally thev adsorb and phagocvtize ernﬂea and
render the internalized virus iﬁcnpable of infecting other host
colls (23),

APV elicfted PEC aiso Jemonstrated extringic antiviral
activity. At least a portion of the antiviral activicy of ;PV—PEC
was directed againsgt the inftial 1nfectinn.cycle of L. cells, as

shown by a reduction In infectiouc center develupment. Since the
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i after virus adsorption to the ceils, it isAunlikel}
bn occurred through direct phagocytosis and

f the viral inoculum by cells in the PEC population.
portion of :ﬂe antiviral activity associated with

ed to be of an extrinsic nature. One possible

described by Kirchner and coworkers, who demonstrated

ction of interferon in mice after BPV treatment

1
‘.

rvations were similar to reports on the kinetics of
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oworkers. reported that the protective effect of
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virus synthesizing cells due to cytolysis. Increased cyt
activity of a cell population in BPV-PEC was demonstrated
addition, the undetermired zytotoxic cells could be stimy
greater activity by the addition of lipolysaccharide. Fy
BPV-PEC can be potentiated to higher levels of activity ¢

DIL-PEC. It was not possible to determine whetner the pe
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cells in BPV-PEC may be more efficient at cytolysis of virus

infected cells, or whether there may have been an increaded number

- of a particular effector population resulting from treatment with

BPV.

Several investigators have shown that depletion or gemoval of

the adhnrent cell population from C. parvum treated mice

by -

adherence to glass or plastic (27,18) or inactivation with anti-

macrophage sera (I23) decreased ~r abolished. resistance t¢ a variety

of infectious agents, suggesting that macrophages are kcjy

cells. In contrast to these studies, our results indica

r effector

ted that

removal of adherent cells increased the antiviral activity of

BPV~-PEC. Nonadherent BPV-PEC showed an approximate 487

antiviral activicy over total BPV-PEC. Assuming the per

increase in

[toneal

ekudate population {s 507 macrophages, this experiment enriched the

nonadherent population approximately twofold. Whether ¢
in activity was due to thi{s enrichment or the removal of

linhibitor normally (n the peritonéal exudate population

determined. Similar results were obtained in a study by

using Bacille Calmette-Guerin (BCG) elicited-PEC (29). !

{njected {ntraperftoneally with BCG and PEC collected 3

he {ncrease
an .

vas not
Tracey
Y{ce were

days later
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an& injected into éyngeneic untreated mice. After & days; the PEC
from recipient mice were collecfed and depleted of adherent celis.
Approximately 502 of the cells were nonadherent and were twice as
cytotoxic as total PEC. The active cells were identified as
natural killer cells; however,‘macrbphages appeared to be involved
in the regulation of natural killer cell activity in BCG treated
mice by secreting both NK-enhancing factors and NK-inhibiting
factors, including Prostaglandin Ez (30), We aré currently
investigating the role of natural killer cells and prostaglandins
in BPV induced antiviral activity.

While the exact mechanism(s) of the antiviral qciivity
associated with BPV-PEC remains unclear, it is evident shat the
‘Vaccine is capable of significantly altefiﬁg the‘anciviral activity
of peritoneal cells, Determination of the mechanism by whiéh BPV .
confers resistance to infection will not only ;llow us to manipu-
late the i{mmune response, but will aid in our basic understanding

of the pathogenesis.of virus infec:ions.
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" Removal of lipopolysaccharide .from
acellular Bordetella pertussis vaccine
by detergent treatment®
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Procective antigen was extracted from Berderlla pertassis cells wieh 1-0 u NoCl s0d precipitared
iwth ammonium sulfsre, 20—40% saturation (designaced fraction 15A-1B). The protective
antigen was purified further by detergenr (Emulphogene BC720) trearment and adsorption to
aluminum bydroxide gel (designared fraction 15A- 108A). Compared with B. pertanis vaccine
and fraction 15A-18, fraction 15A-108A retained prosecave activity os sssessed by the mouse
protection test, but had reduced procein and markedly reduced endoroxin content. Fraction
15A-108A also had reduced leukocyrosis-promoting, listamine sensitiziag splenomegaly-

ipduciiig. and adjuvant activities Emulphogene tresomens provided s relarively simple method
for removing endotoxin from a potential aceflular B. potauir vaccine.

INTRODUCTION

Immunization with Bordere/la pertussis vaccine (BPV) has been accepted s the single
most eflective methed in preventing B pertussis infections; however, BPV continues to
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be one of the more troublesome vaccines to produce and standasdiar.™® A cencral
problem with BPV production is standardization. One has 1o concead with generic
shifts from virulent Phase [ to avirulent Phase 1V organisms’ and werisble viability of |
cultutes.*® For these reasons the vaccine has one of the highest failure rares of any
vaccine currently produced. '

The public pcrcepnon that immunization with the vaccine mey be of greater nsk
than the disease'’ has provided an impétus to develop a nontoxic aceflular vaccine with
a stanuardized potency. An effort has been made to separate che ;omponentis) of BPV
responsible for immunization .from the components thar cause serioss side reac-
tions. **1? Investigators have isolared several factors, but no conseasus exists s to the
role of esch factor in infection of immunization. A potentially toxic fraction that has
_ been isolated is lipopolysaccharide (LPS) with its associated endotoxin scrivity. 14 All.

vaccines used presently for immunization contain LPS, and a proportion of the adverse
resctions following administration of BPV are artributable to this component.

- Antigens that appear to be responsible for induction of resistance to B. perwssis
infection are found on or near the surface of the cell e velope'? and cell-free procective
antigens have been extracted by a variety of methods.!>2¢ This repoct describes a
method for removing lipopolysaccharide from an acellular BPV.

MATERIALS AND METHODS

Reagents were obrained from the following sources: Berdetells pertesis vaccine (Lot
32340), Connaught Laboratories, Inc., Swiftwater, Penansylvanis, Emulphogene BC
720, GAF Corporation, Chemical Group, New York, New York; Athydrogel, E. M.
Sergeant Pulp and Chemical Co., Inc., Hoboken, New Jersey, hxmmdxphosp!me
and E-Toxate (Limw/us amoebocyte lysate assty), Sigma Chemical Co., Se. Louis,
Missours, Brue/la abortws antigen, Difco Laboratories, Detroit, Michigan.

Vacrine and acellular extractions

BPV consisted of heat-inactivated Phase ] cells (Connsught Lsborstories vaccine
strain derived from ATCC 9797) suspended in diluent (0-02% thimerosal in
0-15 M NaCl) to a concentration of 4-0 mg/ml (dry weighe?. )

Fractions derived from B. pertussss cells (Connaught Laborstories varcine strain) were
prepared as follows. Cells were grown on Cohen—Wheeler 2gar medium for 96 h-ae
36°C, harvested, and washed in phosphare buffered saline (PBS; 0-15 M sodium
chloride and 0-05 M sodium phosphate buffer, pH 7-0). The culruse was inactivated'
and extracted by overnight incubation in 0-75 M sodium chloride, 0:05 M sodium
phosphate buffer (pH 7-0), and 0-02% thimerosal at 4°C. The cells were removed by
centrifugarion and 0- 106 ¢ ammonium sulfate per millilicer of supernatant was added
(20% ss:uration). After incubation at 4°C for 30 min, the precipimare was sedimented
(10000 ¢, 4°C, 10 min). The supernatant was decanted and 0- 113 gammonium sulfate
per milliliter of supernatant wes added (40% sacuration). The mixture was incubared
and centrifuged as before. The precipitate w «s resuspended in PBS and dialysed 2gainst
PBS. This acellular fraction was designated 15A-1B. Lipopolysaccharide was removed
from 15A-1B by treatment with 1% (v/v) Emulphogene BC 720 at 4°C for 60 min. A
precipitare formed and this mixture was then centrifuged ar 10U 000 for 1-0h at 4°C.
The sediment wes resuspended in PBS, centrifuged a3 before, resuspended, and
absorbed to Alhydroge! (1-0%, w/v, sluminum hydroxide gel) t prevent precipi-

2
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tation. The alum-absorbed preparation was desngnm.-d 15A-108A. of BPV,
15A- 1B, and 15A-108A was assessed using the mouse protection test.” Procein
content was determined by the method of Lowry and coworkers.?® LPS (endocoxin)
was assayed by the Lmulm amocbocyte lysate assay?’ usmg Shipells fxmeri 1PS
standard.

Sodium dodery! sulfase-polyacrylamide gel elactropboresis {SDSoPAGE)

The preparations were denatured by bojling in 1:0% SDS and 1-0% bews-
mercaptoethanol. The denatured proteins (100 j1g) were separated by electrophoresis
iun 6% polyacrylamide gels containing 1-0% SDS.?. Proteins were fixed and stained
with 0:25% Comassie blue R250 in 9-6% acetic acid. Gels were scanned in a Varian
Cary 210. Molecular weights were calculared usmg crosslinked hemocyanin, hemo-

cyanin, bovine serum slbumin, ovalbumin, pepsin, trypsinogen and ﬁ-hcmglobm
(140, 70, 66, 45, 33, 24 and 18kDa, respectively) as standards.

Awni nals

All studies, except histamine sensitization and pertussis vaccine potency tests, were
carried out with C3H/HeN mice (4-5 weeks of age) derived from a breeding colony
maintained in the Animal Care Facility, University of Alabama, as describul pre-
viously.?® All mice were supplied with autoclaved mouse chow and acidified water of
libiswem . CFW mice used for histamine sensitization tests were obeained from Chasles
River Laboratories, Inc., Wilmingron, Massachusetrs. Female ICR mice ised for
pertussis vaccine potency were obrained from Buckberg Lab Animals, Inc., Tomkins
Cove, New York, and were maintained at Connsught Labonatories, Inc., Swiftwater,
Pennsylvania, in accordance with the N.1.H. Guide for the Care and Use of Laborarory
Animals (DHEW Pub. No. 78-23).

Treatment with BPV, 15A-1B, or 15A-108A was initiated by intraperitooeal

" inoculation of 0-5 of esch preparation st the concentration indicared in Table 1. Mice

were inoculated with the vaccine diluent also to serve as controls.

Mouse protection test

The potency of BPV and the fractions was assessed. using the standard mouse -

protective test.?* Simultaneous intracerebral mouse protection tests of the rest prepar-
stions and the US Standard pertussis Vaccine were performed according to established
procedures (Code of Federal Regulacions, Title 21, Part 620.4). Briefly, three fvefold
dilutions were prepared of each test preparation’ and the standard. Three groups of
mice, consisting of 16 animals each, were injected intraperitoneally with 0-5ml of
dilured marerial. Fourreen days after vaccinarion the chalienge inoculum was prepared
by harvesting B. pertussis strain 18323 from s 24-h culrure grown on Bordet-Gengou
medium and uniformly suspending the bacteris in a solution containing 1-0% casein
peptone and 0-6% sodium chloride at pH 7-1. The suspension was adjusted o 160
units on s Klerr-Summerson Colorimerer (number 54 green filter) and further dilured
1:3000 (v/v). The mice were lightly anesthetized with ether and injected intracer-
ebnally with 0-03 ml of this challenge suspension. The mice were observed daily for 14
days. The total number of mice in exch group, as well as the number active, paralysed,
and dead were recorded for purposes of detérmining the relative potency of the test
preparations relative to the standard vaccine. The standard vaccine contained 8 potency
units per milliliter.
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Lewkocytosis

Blood samples were obrained by tail bleed st designated times after eatment.
Counts were obtained by mixing the blood with Turk’s solution asd counring the
nucleated cells in s hemocytometer. 3 Differential blood cell counts were obeained from

duplicate smears made and air-dried at esch bleeding. Senears were stained with

- Wright=Giemss stain and at least 100 cells were counted per slide and scored as
mononuclear (monocytes and Jlymphocytes) or polymorphonuciear Seukocyres (herer-
ophils, eosinophils and basophils).

Histamine semsitization

Four days after treatment CFW mice were challenged with IOmg of histamine
diphosphate by intraperitoneal inoculation.! Deaths were recorded 30min after

histamine challenge.

Splencmegaly
Seven days after treatment mice were weighted and killed by :emal dilocation.
The spleen was removed, excised from excess facty tissue, washed in saline, blocted o

remove excess saline and weighed. A splemt index was calculated by dividing spleen-

weight by body weight.

Adjuvancy
" Mice were injected mtrapemonnlly with & mixture consisting of 0-1ml of
heat-killed Brucella aborins (BA) antigen and 0-5 ml of BPV or the appropeiate B.

pertuisis fraction. A control group was given B. sborfas antigen only. Serum was
obrained seven days after combined treatment and immunization and the and-BA ticer
determined. Test serum was diluted in microtiter plates with round bottom wells using
twofold serial dilutions. Bruce/le abortxs antigen (0-1ml, 1:10, v/v) was then added to
each well. Control wells contained B. sborras antigen and saline diluent. Plrtes were
incubared at room temperature overnight snd the endpomt recorded st the highest
dilution with visible lgglutmauon

Statistical analysis
Differences in the mean values of the approprisze cxpenmenn! systems were assessed
by Student’s s-test.

RESULTS

Characterization of cell extract and frm:m

Ammonium sulfate fracrionation of the salt extract from B. ,wrmm cells selectively
decreased the content of several proteins. SDS-PAGE of the salt extract revealed at lease
13 proteins that ranged in siz¢ from 139 kDa (procein 1) to 16:5kDa (procein 13)
{Fig. 1(2)}. Fractionation of the salt extract by ammonium sulfate precipitation to form
the preparation designared 15A- B removed most of the polypeptides with-molecular
weights of 80 kDa or greater {Fig. 1(b)]. Solubilization of LPS by detergent trcarment
of 15A-1B to form the preparstion designated 15A-108A resulted in precipitstion of
protein. The precipitation either concentrated rwo high molecular weight proceins chat

were not detected previously, or caused an aggregation of lower molecular weight

4
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. Fig. 1. Trxcings of scans of coomassie blue scainad SDS-PAGE of Berdevells pertasiis salt exeract and
fractions. (s) Salr extract. (b) Fraction 15A-1B. (0 Fm 15A-108A.

proteins that was not reversible in the m&dai of SDS denaturation. Decreased
amounts of proteins with molecular weighes less than 58000kD| were observed also
(Fig. 1(0)).

Ammonium sulfate precipitation of the salr extract enriched the relative concenera-
tion of lipopolysaccharide in 15A-1B (Table I). Precipitation of marerial by Emul-
phogene treatment of fraction 15A- 1B and adsarprion of the material co alum decreased
the relative lipopolysaccharide content with sespect to protein approximately 4000-
fold, while reducing the mouse protection porency eightfold.

Comparison of she biological effects of BPV and cxvactad Fractions

Although fractions 15A-1B and 15A- 1084 retained activity in the mouse protection

test the fractions differed in biological actrvities.

TasLe 1. The characteristics of Bedwils pertassiv vaccine (BPV) and

extracted frarrions
. Lipopoly- Mouse
Protein saccharide protection
‘Preparation g (7] ' (unirs)
BPVe 51 >34 10
15A-1B 46 749 41
15A-108A 12 209 05

® 250 pg dry weight.

f e ———— -
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Lewkocytasss
White blood cell counts averaged 8700 mm® after treatment wich vaccine diluent.
Leukocyte counts in BPV-treated mice increased to s maximum values chive to.six days
after treatment. The medns of the elevated leukocyte counts obeained four dsys afier
crearment with BPV and 15A- 1B were not significantly different [Fig. 2(s)). However,
the means of the leukocyte counts obtained four days after. crearment with BPV and
15A-108A were significantly different. Differential counts of blood smears indicated
that the leukocytosis consisted of approximately equal numbers of mononuciear and
polymorphonuclear cells. A slight, transient increase in Jeukocytosss was observed 12 h
. atter treatment with BPV and fraction 15A-108A (Fig. 2(b)). The response was
short-lived and leukocyte counts decreased before che major leukocytosis response
initisted 48 h after treatment. The majority of cells durmg xhe period of transient
leukocytosis were polymorphonuclear. .

Sensitization 1o bistamine .
The lethal dose of histamine diphosphate for normal CFW mice was approximately
200 mg per 20 g body weight (data not shown). To determine whether B. pertassis-
derived fractions could induce sensitization to histamine, groups of mice were treated
with BPV, 15A-1B, 15A-108A or vaccine diluent. All mice weated previously with
‘vaccine diluent survived (Table 2). All mice treated previously with BPV or 15A-1B
died within 10-30min after histamine challenge. In contrak, scellular faction
15A-108A induced histamine sensitivicy in only a postion of the treated mice (55%).

~ Splenomegaly

Mice treated with BPV showed s n;mﬁcxm increase in spleen weight over controls

(Table 3). Mice treated with 15A-1B developed significant levels of splenomegaly also.
In contrast, mice tresred with 15A-108A did not develop a sigaificant incresseé in
spleen weight as compared 10 animals treated with vaccine diluent.

(Cotis/mm?) 2 10°?

] 2 4 [ [} L

Time (doys)

Fig 2. Leukocytosis after trestment with Bordeto'ls portauiis vaccine (BPV), fraction 15A-18, or
fraction 13A-108A. () Trestment with BPV (@) and fraction 13A-18 (O). (b) Tremment with APV (@)

snd fraction 13A-108A (Q).

6




LPS REMOVAL FROM PERTUSSIS VACCINE |

TABLE 2. The effects of trestment with Berdewells portassis waccine
(BPV) vaccine diluent, fraction 15A-1B, or fraction 13A-108A on
histamine sensitization in C!' mice

: Morality wcer biscammios challenge

Trestment (deatha/conal}
Experiment ) .

Diluent o

PPV ‘ . )

Fraction 15A-1B e 10/10
Experiment 2 '

Diluent . oNne

BPV 18/18

Fraction 15A-108A ' an

Adjurancy

Adjuvancy effects of BPV and B. pertussii-derived {ractions on & T-cell independent’
antigen were assessed using heat-killed B. sborras a3 antigen. Mice injected with BPY
and B. sbortws produced significantly highet titers of antibody against B. sbertas than
mice treated with either s combination of B. ahrm and ISA-IB ot B. sbertas and
15A-108A (Table 4).

DISCUSSION

Morcse and coworkers observed s transient kukocytom 12b after treatment of mice
with BPV and they attributed the leukocytosis to the activiry of endotoxin in theit BPV
preparation.*?*? [n addition, splenomegaly has been associated with the presence of

TasLE 3.  Splenomegaly after treatment wich Bordrtells pertanis vaccine
(BPV), vactine diluent, fraction 13A-1B, or fraction 15A-108A oo
histamine sensitizscion in CFW mice

. Spleen weight/body weight
- No. of :

Treatment ‘ mie - Mesn sD
Experiment 1

Diluent 6 - 44 1-1

BPV 10 126 3-8¢

Fraction 13A-1B 10 69 1.7
Experiment 2 ’

Diluent 21 43 09

BPV 13 126 2-1t

Fraction 15A-108A 28 3 13t

® Meuns were significantly different from diSuent control by Seudent’s -rem,
P < 0-0%.

t Means were ugmbc-mly different from diluemt conerol by Seadene’s r-cene,
P < 0-03. .
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TABLE 4. Adjuvant activity of Berdetella pevissis waccine (BPV), waccine diluese, fraction
15A-1B or fraction 15A-108A

Anti-B. sberim tieer

Treatment - . Mesn sD
Experiment |
Diluent 39 11
BPV 66 238
Fraction 15A-1B 33 0-5*
Experiment 2
Drluent ‘ . 47 -9
BPV 69 29t
Fraction 15A-108A 3-0 20

® Mears were pgniacanrly different from diluest conuol by Srudent’s r-ems.,

P <00
t Mesns was signihcantly differens from diluest concrol by Scudent’s reoes,

P <00

endotoxin.* Our data support their hypothesis, since the mdmcxm—dtﬁcm 15A-
. 108A did not elicit these responses.

BPV acts as an adjuvant to many antigens in varous snimal species. It is usually
most effective when given simultaneously with the antigen,”® > although chere are
exceptions.®” The mechanism responsible for the enhancing effect of BPV on antibody
production is unclear. Reed and coworken™® suggested BPV e: rts its effects directly
on the precursor of antibody-forming cells by increasing their rate of division. Finger
and coworkers®® concluded that the sdjuvancy response was due to an increased
recruitment of anfigen responding cells and proliferation of memory cells, The
adjuvancy sctivity of B periusins endotouin may be dépendent on the cype of antigen.
Voge! & Klein reported that endotoxin dévived from 8 perfassis has adjuvant acriviry in
an /a vitre plaque assay with sheep red blood cells. *©. Sultzer and cowockers have shown
recently that the endotoxin-associated proteins of B perratsss have marked sdjuvant
actrvity with cholera enterotoxin.*’ In contrast, Mon)i and coworkers did oot observe
adjuvant actiity of B pertwssis endotoxin with Haemophilus influenzae cype b capsular
polyssccharide *? One has to consider that removal of the oligomeric protein called
perrussigen (lymphocytosis promoting factoe)**** from 15A-1B might decresse the
sdjuvant scuvicy However, rhe adjuvant sctivity of perrussigen remains unclear slso.
Bork enhancement and suppression of an antibody response by pertussigen has been
reporred > Our findings that the detergent-trested fraction [SA-108A had decressed
adjuvancy sctivity supports s role for endotoxin and possibly endotoxin-associsted
proteins in the adjuvancy phenomenon.

The development of » relatively inexvensive scellular 8. pertassis nccmr with
decreased nide reacrions represents s solution to many of the current problems
encountered with the climical usage of BPY. One step toward this gosl is the
preparation of an acellular vaccine without the deleter:ous immunomadulatory active-
t1es of whole cell BPV Mechanrsms involved in immunomodularion by BPV have been
defined, but the overal! activities of these mechanisms in the host-parusite relscionship

remains unclesr,

8
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We have demonstrated that an acellulsr fraction of BPV designared 1SA-1B elicited
severs! of the immunomodulatory reactions associsted with BPV. Detergent treatment
of this fraction resulted in s preparation with reduced leukocyrosis and histamine

“sensitization associared with perrussis toxin and reduced splenomegaly and adjuvant
activity associsted with lipoplysaccharide, yet the pnp-mion' retsined protective
activity aguinst B. persassss infection of the mouse. A portioo of the decreased pertussis
toxin activity and the mouse protective activity of 15SA- 108 may be due roadsorption of
15A-108A to aluminum hydroxide gel. Fraction 15A-108A rerained the antiviral
activity associsted with B. perrausis also.%*” Emulphogene treatment provides s
relstively simple method for removing endotoxin from a potential xelluln B. pertuisis
vaccine.
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